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A method for implementing a transceiver and a transceiver 


The present invention relates to a method for implementing a trans- 
5 ceiver according to the preamble of the appended claim 1, a trans- 
ceiver according to the preamble of the appended claim 9, as well as a 
wireless communication device according to the preamble of the 
appended claim 17. 

10 In wireless communication devices, transmitters and receivers are 
used to perform the necessary signal conversions for communication 
over the radio channel. The appended Fig. 1 shows a typical transmit- 
ter and receiver for radio communication. This transceiver is suitable, 
for example, for transmitting and receiving of digital information con- 

15 sisting of two signal components with a different phase. The first com- 
ponent I of digital information to be transmitted is input in a first digital- 
to-analog converter DAI , and the second component Q is input in a 
second digital-to-analog converter DA2. In the first digital-to-analog 
converter DAI, the first component I of the information to be transmit- 

20 ted is converted into analog format, and, respectively, the second digi- 
tal-to-analog converter DA2 is used to convert the second compo- 
nent Q of the information to be transmitted to analog format. After this, 
the analog components are subjected to rejection of image-frequency 
signals in a first and a second image frequency filter IF1, IF2. One 

25 function of these image-frequency filters is to reject the frequencies 
. caused by harmonic frequencies of the clock frequency of the digital-to- 
analog converter in the output signal and also to reduce quantization 
noise generated in the digital-to-analog converter. 

30 The filtered signal components are led to a third and a fourth mixer N3, 
N4, in which the signals are mixed with a local oscillator signal LO. 
After this, the mixing results are led to an output amplifier PA to be 
amplified and led via an antenna switch SW to a channel filter BF and 
an antenna ANT. 

35 

In a corresponding manner, a signal to be received via the antenna 
ANT is filtered in a channel filter BF and led via an antenna switch SW 
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to a low-noise amplifier LNA of the receiver. The amplified received 
signals are divided into two signal branches. The function of the first 
signal branch is to modulate a first signal component I of the received 
signal and the function of the second signal branch is to modulate a 
5 second signal component Q of the received signal. The signal received 
in the first signal branch is mixed with a first phase LO_l of the local 
oscillator signal in a first mixer M1. In a second mixer M2, a second 
phase LO_Q of the local oscillator signal is mixed with the received 
signal. The phase difference between the first LO_l and the second 
10 phase LO_Q of the local oscillator signal is preferably about 90''. After 
this, as the mixing result, two signal components I, Q of the transmitted 
signal are obtained from the mixers M1 , M2, with a phase shift of about 
^ 90 degrees therebetween. These signal components I, Q are led into a 

CO channel selection filter CF1, CF2, in which the signal components 

^ 15 corresponding to the desired receiving channel frequency are derived 
□ from the signal components. 

'T The signals passed through the channel selection filters are amplified 

O in an intermediate amplifier IA1, IA2, after which the amplified signals 

20 are converted to digital format in first and second analog-to-digital 
yj converters AD1 , AD2. 

One problem in such a transceiver of prior art is the fact that the 
implementation of an image filter, particularly on an integrated circuit, 
25 requires a relatively large area on the circuit and increases the price of 
the transceiver. Furthermore, such an image filter consumes electric 
power, which causes problems particularly in portable wireless 
communication devices. 

30 It is an aim of the present invention to provide a method for imple- 
menting a transceiver, as well as a transceiver in which the necessary 
filters can be implemented in a simpler manner, with a smaller number 
of components and, when using integrated circuits, on a smaller circuit 
area. The method according to the present invention is characterized in 

35 what will be presented in the characterizing part of the appended 
claim 1 . The transceiver according to the present invention is 
characterized in what will be presented in the characterizing part of the 
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appended claim 9. Further, the wireless communication device 
according to the invention is characterized in what will be presented in 
the characterizing part of the appended claim 17. The invention is 
based on the idea that the channel selection filter of the receiver is 
5 used as an image filter. 

Using the present invention, considerable advantages are achieved 
when compared with solutions of prior art. By the method of the inven- 
tion, the transceiver can be implemented with a smaller number of 
10 components than transceivers of prior art. Furthermore, when 
integrated circuits are used, less surface area is required on the circuit 
than when using solutions of prior art. 

In the following, the invention will be described in more detail with 
15 reference to the appended drawings, in which 

Fig. 1 shows a transceiver according to prior art, 

Fig. 2 shows a transceiver according to an advantageous embodi- 
20 ment of the invention, and 

Fig. 3 shows a transceiver according to another advantageous 
embodiment of the invevntion, and 

25 Fig. 4 shows a wireless communication device according to an 
advantageous embodiment of the invention in a reduced 
block chart. 

In the following, the invention will be described in connection with a 
30 transceiver 1 according to an advantageous embodiment of the inven- 
tion as shown in Fig. 2. The receiver of Fig. 2 is intended for transmit- 
ting and receiving biphase digital signals, wherein the signals comprise 
two components I, Q of different phases, but it is obvious that the 
invention can be applied in transmitting and receiving signals of other 
35 types as well. The transceiver 1 of Fig. 2 comprises an antenna ANT, a 
channel filter BF, an antenna switch SW, a transmitter part TX, a 
receiver part RX, and a local oscillator LO. The transceiver also 
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comprises a control block CTR. This control block CTR is used to 
control e.g. the operation of the selecting switches SW1, SW2 in trans- 
mission and reception. 

5 At the stage of receiving, the selecting switches SW1 , SW2 are set in a 
first position, as shown in the block chart of Fig. 2. Thus, signals 
received via the antenna ANT are led into the channel filter BF which 
preferably comprises, for signals to be received, a band-pass filter 
through which substantially only the signals of the receiving frequency 

10 range defined in the system are passed to the antenna switch SW. 
From the antenna switch SW, these signals are led to be amplified in a 
low-noise amplifier LNA, after which the amplified signal is led into first 
and second mixers Ml, M2. To these mixers Ml, M2 is also led the 
local oscillator signal formed by the local oscillator LO. The local oscil- 

15 lator signal LO| to be led to the first mixer Ml and the local oscillator 
signal LOq to be led to the second mixer M2 have a phase difference of 
preferably about 90 degrees, to separate the two signal components I, 
Q from each other. 

20 As a result of mixing, the output obtained from the first mixer Ml is the 
first signal component I at an intermediate frequency or, in a direct 
conversion receiver, at the baseband. This first signal component I is 
led to a channel selection filter CF1 for band-pass filtering, if the first 
signal component I is an intermediate frequency signal, or preferably 

25 for low-pass filtering, if the first signal component I has been mixed 
directly to a baseband signal in the mixer Ml. The function of this 
channel selection filter CF1 is e.g. to pass only a signal of a desired 
receiving channel to the other stages in the receiver. In this transceiver 
structure of Fig. 2, the signal filtered in the channel selection filter CF1 

30 is led to an amplifier AMP1 to be amplified and led to a first analog-to- 
digital converter AD1. The first analog-to-digital converter is used to 
convert the analog first signal component I to digital form. In a corre- 
sponding manner, as a mixing result from the second mixer M2, a sec- 
ond signal component Q is obtained, either at an intermediate fre- 

35 quency or at the baseband. This second signal component Q is also 
subjected to filtering in a channel selection filter CF2 as well as amplifi- 
cation in a second amplifier AMP2 before converting this second signal 
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component Q to digital form in a second analog-to-digital converter 
AD2. The signals I, Q converted to digital format are further led to 
stages of further processing in a way known as such. It is not neces- 
sary to describe these further processing stages in more detail in this 
5 context. 

At the stage when it is desired to transmit a signal on the radio chan- 
nel, the control block CTR sets the switches SW1, SW2 in a second 
position, wherein the following steps are taken. The bicomponent sig- 
10 nal I, Q in digital form is converted to an analog signal. The first and 
second signal components I and Q are converted to analog form in first 
_ and second digital-to-analog converters DAI, DA2, respectively. After 

y5 this, the analog signal formed of the first signal component I is led via 

M the first switch SW1 to the first channel selection filter CF1, and the 

jl' 15 analog signal formed of the second signal component Q is led via the 
□ second switch SW2 to the second channel selection filter CF2. The first 

^ channel selection filter CF1 and the second channel selection filter 

CF2, respectively, are used for filtering out possible image-frequency 
S signals caused by the clock of the digital-to-analog converter as well as 

U 20 quantization noise generated in the digital-to-analog conversion. 

The filtered analog signal of the first signal component I is led from the 
first channel selection filter CF1 via the second switch SW2 to a third 
mixer M3. The third mixer M3 is used for mixing the first signal compo- 
25 nent I with the first local oscillator frequency LO|. The output of the third 
mixer M3 is thus a modulated, preferably transmission-frequency signal 
which is led to an output amplifier PA. 

The filtered analog signal of the second signal component Q is led from 
30 the second channel selection filter CF2 via the second switch SW2 to a 
fourth mixer M4. The fourth mixer M4 is used for mixing the second 
signal component Q with the second local oscillator frequency LOq. 
The output of the fourth mixer M4 is thus a modulated, preferably 
transmission-frequency signal which is led to the output amplifier PA. 

35 

In the output amplifier PA, the amplified signals are led via the antenna 
switch SW to the channel filter BF and further to the antenna ANT. The 
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channel filter BF is preferably provided with a low-pass filter for the 
signal to be transmitted, to secure that no signals harmonic with the 
transmission signal are passed to the antenna. 

5 In a transceiver of the invention, it is thus possible utilize the channel 
selection filter CF1 , CF2 of the receiver also at the transmission stage. 
Thus, no separate image filter will be needed for the transmitter. 
Because the implementation of filters in integrated circuits requires a 
relatively large surface area on the circuit, this arrangement of the 
10 invention can be used to implement the transceiver with a smaller 
circuit area. 

The switches SW1, SW2 required in the operation of the transceiver 1 
according to the invention can be advantageously implemented as 

15 semiconductor switches or the like in a way known as such. These 
switches SW1, SW preferably comprise two switching elements SW1a, 
SWIb; SW2a, SW2b; that is, they constitute a pair of switches. Thus, 
the first element SWIa, SW2a of the pair of switches is used for 
coupling the first signal component I, and the second switching element 

20 SWIb, SW2b is used for coupling the second signal component Q, 
respectively. 

The channel selector filters CF1, CF2 used are preferably channel 
selector filters of prior art. Typically, the requirements for the channel 

25 selection filter CF1, CF2 of the receiver are significantly stricter than 
the requirements of the filter needed for transmission, wherein a filter 
complying with the properties needed for receiver functions is also well 
suited for an implementation according to the invention, to be used also 
for filtering of a signal to be transmitted. In the parameters of designing 

30 the filter, this is manifested e.g. in such a way that the number of poles 
of the receiving filter is greater than the number of poles of the filter ful- 
filling the transmission criteria. This is due e.g. to the fact that when 
filtering the receiving channel, an attempt must be made to suppress 
possible signals on adjacent receiving channels so that they will not 

35 interfere with the desired signal to be received. On the other hand, the 
clock frequency of the digital-to-analog converter DA1 , DA2 is normally 
selected to be so high that image frequencies can be easily filtered out 
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with a simple and relatively inaccurate filter. However, in a situation in 
which image filtering is also used for filtering of the quantization point 
formed in the digital-to-analog conversion, the requirements of the filter 
must be set slightly higher than what is necessary for the filtering of 
5 image frequencies. If quantization noise is strong at an adjacent or an- 
other frequency than the transmission channel frequency, this image 
filtering must be capable of rejecting or at least significantly 
suppressing this quantization noise which might otherwise be passed 
to the antenna and interfere with other communication devices. 
10 Typically, the channel selection filter CF1, CF2 of the receiver is also 
calibrated, due to the high demands set on the filter. 

^ Figure 3 shows a transceiver according to another advantageous em- 

m bodiment of the invention in a reduced block chart. With respect to its 

^0 15 main parts and functions, this transceiver corresponds to the operation 
5 of the transceiver according to the first advantageous embodiment of 

O the invention. A substantial difference here lies in that the digital-to- 

T analog converters can be used for eliminating DC offset voltage in a 

O receiver of direct conversion type. Thus, preferably the control block 

^ 20 CTR sets in the first digital-to-analog converter DAI a control whereby 
Lj in the output of the first digital-to-analog converter DAI a voltage is 

p3 generated which substantially corresponds to the DC offset voltage in 

the output of the first mixer M1 but has an opposite direction. 
Furthermore, the control block CTR disconnects the switch SW1 . Thus, 
25 only the desired received information signal is substantially led to the 
first channel selection filter CF1. In a corresponding manner, the 
second digital-to-analog converter DA2 can be used to eliminate a 
possible DC offset voltage in the output of the second mixer M2 in a 
receiver of direct conversion type. By this arrangement, it is possible to 
30 avoid the need for separate digital-to-analog converters to eliminate the 
DC offset voltage in a receiver of direction conversion type, wherein the 
number of necessary components is reduced and surface area is 
significantly saved on integrated circuits. In this embodiment, the first 
pair of switches SW1 is not necessary, because the digital-to-analog 
35 converter is used during both the transmission and the reception. 
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Further, Fig. 4 shows a wireless communication device MS according 
to an advantageous embodiment of the invention. It comprises a 
transceiver unit 1, a control unit CTR, a user interface Ul preferably 
comprising an audio codec 2, an earpiece and/or speaker 3, a micro- 
phone 4, a keypad 5 and a display 6, as well as a digital signal proc- 
essing unit DSP for processing signals received and to be transmitted. 
Furthermore, the digital signal processing unit DSP can be used to 
implement at least some of the filters required in the transceiver, such 
as the channel selection filters. However, it is obvious that the filters 
can also be implemented with separate filter circuits or other solutions 
known as such. The digital signal processing unit DSP and the control 
block CTR can also be used in other operations of the wireless com- 
munication device, such as in the control of the display 6 and the key- 
pad 5, which is known as such. 

The present invention is suitable for use in such communication 
systems in which transmission and reception take place at different 
times. Such systems include e.g. time division multiple access (TDMA) 
systems, such as the GSM mobile communication system. The 
invention can also be applied in systems in which the signal to be 
transmitted comprises only one component, or more than the two 
signal components I, Q mentioned in the preferred embodiments 
above. 

It is obvious that the present invention is not limited solely to the 
embodiments presented above, but it can be modified within the scope 
of the appended claims. 


